Introduction
). To infer the total flux from a whole field (i.e. the population of interest which has been sampled), the 61 integral of the estimated log-normal distribution over the field is simply given by the mean flux (µ) multiplied by 62 the area of the field. However, µ is poorly estimated by the arithmetic mean of the samples, because of its 63 sensitivity to outliers. µ is therefore often highly uncertain, but estimating the uncertainty in the arithmetic mean 64 of log-normally distributed data is problematic (Land, 1972) . The density of a log-normally-distributed variate, 
70
Estimates of the parameters of the underlying log-normal distribution, µlog and σlog (and thereby the true 71 value of µ), are often poor because of small sample size, measurement error and large variability. In order to 72 better predict fluxes at the field or farm scale we therefore need a sound method for quantifying the uncertainty 73 in µ which arises in estimating whole-field-scale fluxes from a small, log-normally distributed sample. 
100
Using GPS measurements, we estimated the total area coverage of each of the arable and grazed fields each season 101 to within ±10 %. The area coverage of the farm was fairly evenly split between arable and grazing use (Table 2) .
102
Some of the larger grass fields were switched between livestock grazing and silage grass (arable) for several 103 months at a time (see Table 1 ). 
159
Separate soil samples used to measure bulk density were also taken immediately after the flux 160 measurement using a sharp metal cutting cylinder (7.4 cm diameter, 5 cm deep) which was carefully inserted into 161 undisturbed soil. These soil samples were kept in a refrigerated room (5 ˚C) until oven drying (less than seven 162 days after sample collection). These samples were used to calculate soil moisture content (via oven drying at 100 163 ˚C) and also provided the dry soil mass. Bulk density was calculated by dividing the volume of the cutting ring 164 by the mass of dry soil. A sub sample of the dried soils was taken to be ground (via ball milling) for elemental 165 analysis of total carbon and nitrogen content of the soil (vario EL cube, Elementar, Hanau, Germany). WFPS was 166 calculated from the bulk density soil samples as described in (Rowell, 1994). were in the general areas on the fields (Table 4) . areas, by about two or three orders of magnitude (Table 6 ). However, the general field areas contributed more to 263 the whole-farm emissions than the feature areas (Table 7) , due to their large area occupying around 99.7 % of the 264 farm. Seasonal differences were observed in fluxes from the general field areas, with the highest values observed 265 in spring and summer (Table 6 ). This same pattern was reflected in the farm-scale flux estimates (Table 7) . In 266 the spring and summer, the general field areas contributed 77 to 93 % of the whole-farm emission (depending on 267 statistical method, Table 7 ). In winter, fluxes from the general field areas were very low, and the feature areas 268 dominated the whole-farm-scale emission, contributing between 74 to 91 % of the total (Table 7) .
269
The naïve sample mean tended to be higher than the 
317
Measurements were made at times chosen to avoid peaks in fluxes after fertilisation events which tend to occur 318 in a three week period after fertilisation (Skiba et al., 2013; Smith et al., 2012); however, the majority of nitrogen 319 fertilisers used at the farm were applied to the fields in spring and summer and it is likely the elevated available 320 nitrogen measured across the farm in these seasons is partly due to remaining residues of these fertilisers in soils.
321
Higher nitrogen in soils may also be due to animal waste input, especially in the densely stocked sheep fields 
15
The log-normal nature of N2O flux measurements makes up-scaling fluxes uncertain. Table 4 for units). Table 5 
